Scientific Purposes. parasite culturing was discarded for further analysis. Dead worms were removed and 1 1 5
ES products were collected daily, subjected to sequential differential centrifugation at 1 1 6 500 g, 2,000 g and 4,000 g for 30 min each to remove eggs and parasite debris. For 1 1 7 the isolation of ES products, media was concentrated using a 10 kDa spin For the isolation of EVs, the media obtained after differential centrifugation at -80°C until use. The size distribution and particle concentration of fractions recovered after Only miRNA sequences commonly identified in both replicates were included for 3 0 2 further analyses. The interaction between miRNA and murine host genes was 3 0 3 predicted using the miRanda algorithm 3.3a [37] . Input 3'UTR from the M. musculus 3 0 4
GRCm38.p4 assembly was retrieved from the Ensembl database release 86 [38] . The The ES products secreted by two different batches of T. muris adult worms 3 1 5
Results
were analysed using LC-MS/MS. A total of 1,777 and 2,056 peptide-spectrum proteins identified from only one peptide and the sequences belonging to the 3 2 0
contaminants, 100 and 116 T. muris proteins were identified in both replicates. A total 3 2 1 of 68 proteins were found in both replicates, whereas 32 and 48 proteins were uniquely found in replicate 1 and 2 respectively, resulting in 148 proteins in total 3 2 3
( Supplementary Table 1 ).
2 4
The identified proteins were subjected to a Pfam and GO analysis. The most 3 2 5
represented domains were "trypsin-like peptidase", "thioredoxin-like" and 3 2 6
"tetratricopeptide repeat domains", with 21, 19 and 13 proteins containing these 3 2 7
domains respectively ( Figure 1A) . The most abundant GO terms within the 3 2 8
"molecular function" ontology were "protein binding", "metal ion binding" and 3 2 9
"nucleic acid" as well as "isomerase activity", "oxidoreductase activity" and "serine- in Supplementary Table 1 .
From the total of 148 proteins found in both replicates, only 62 had a signal 3 3 4 peptide ( Supplementary Table 2 ), which opened the possibility of other non-classical 3 3 5 mechanisms of secretion of these proteins described in other helminths, such as EVs. The ES products secreted by T. muris adult worms were concentrated and EVs Optiprep® separation was measured, ranging from 1.04-1.27 g/ml (Table 1) . All 3 4 2 fractions were subjected to TRPS analysis using a qNano system, but only fractions 4- particles/ml), followed by fractions 7 (density = 1.008 g/ml; concentration = 8.21 × 3 4 6 10 10 particles/ml) and fraction 5 (density = 1.07 g/ml; concentration = 7.47 ×10 10 ) preparation (4.31× 10 9 particles/µg), followed by Fractions 7 and 5 (4.04 ×10 8 and 3 5 0
1.58 ×10 8 particles/µg respectively) (Table 1) . Furthermore, the vesicle size was 3 5 1 determined using the qNano system, and the results are summarised in Table 1 .
In vitro cellular uptake of T. muris EVs in host cells was studied using murine (corresponding to the intestinal lumen), and they were incubated for 3 hours at 37°C 3 5 7
to demonstrate cellular uptake. We observed internalisation of EVs by organoid cells, 3). Using confocal microscopy, we confirmed that EVs were inside cells and present a respectively ( Figure 3E ). Two replicates containing ODG fractions with a density between 1.07-1.09 identified in both replicates ( Supplementary Table 4 ). Only these common proteins EVs sample, as well as other proteins typically found in EVs from helminths like 14-3 9 2 3-3, heat shock protein (HSP) and glutathione-s-transferase were also identified in this study. Furthermore, from the 364 identified proteins from T. muris, only 50 (13.7%) 3 9 4
contained a transmembrane domain, and 120 (32.96%) had a signal peptide. Despite washing the worms extensively before culturing, discarding the first 4 hours of the ES 3 9 6
for EV isolation (which typically contains a significant amount of host proteins) and analysing only fractions containing highly pure EV samples, we found some host 3 9 8
proteins in our analysis. Among these proteins we found an antibody Fc fraction and 9 3 9 9 proteasome proteins ( Supplementary Table 4 ).
0 0
Following a GO analysis, the most represented GO terms within biological 4 0 1 process in the T. muris EV proteins were assigned as "cellular metabolic process", 4 0 2 "response to stimulus" and "proteolysis" (Figure 4A) . Similarly, the most represented Interestingly, the most represented domains were of "unknown function", "reverse 4 1 3
transcriptase", and "helicase", whereas other gene models with DNA-binding and 4 1 4 processing domains were also highly abundant (e.g. genes with "retrotransposon 4 1 5
peptidase" domain) ( Figure 5A ). Mapping to molecular functions identified "protein 4 1 6
binding" as the most abundant term, with 31.9% of all sequences involved in this 4 1 7 function ( Figure 5B ). The underlying proteins from the parasite-specific mRNAs had interact with 2,043 3'UTR binding sites of the mouse genome assembly 4 2 8
( Supplementary Table 6 ). Associated annotated coding genes were grouped according 4 2 9
to signalling, metabolic, and disease pathways ( Supplementary Figure 1) . Indeed, a Trichuriasis is a soil transmitted helminth infection that affects almost 500 4 3 7 million people worldwide [1, 42, 43] . In addition to the pathogenicity associated with We provide herein the first high throughput study of the secretome of T. both replicates, highlighting the importance of analysing multiple batches of samples have immunomodulatory properties as well as a role in wound healing [8, 46, 47, 48] , 4 5 9 so they could be secreted in an attempt to modulate the host's immune response and 4 6 0 repair damage caused by both feeding/migrating worms and immunopathogenesis. In 4 6 1 addition, we found five SCP/TAPS (also known as CAP-domain) proteins. Our results show that T. muris secretes EVs with a wide variety of sizes (40-4 7 4 550 nm). In order to study the exosome-like vesicles (vesicles with a size between 50-4 7 5
150 nm) and eliminate contamination with soluble proteins that could be co- 72±23.8nm to 90±25.5nm). For a totally novel approach in EV research, we that vesicular uptake is a highly cell-type specific process (summarized in [56] ). As and transcriptomic studies.
The proteomic analysis of the exosome-like EVs showed a total of 381 EVs. Our dataset presents other proteins usually found in parasitic exosomes, such as 5 2 9
14-3-3, heat shock protein 90 and myoglobin.
3 0
Proteins involved in proteolysis were abundantly represented (12.3% of 5 3 1 sequences) in the T. muris EVs (e.g. trypsin like, cathepsins and aminopeptidases).
3 2
Trichuris lacks the muscular pharynx that many other nematodes use to ingest their 5 3 3
food, a challenging process given the hydrostatic pressure of the pseudocoelom that 5 3 4 characterizes the phylum. Instead, it has been suggested that the parasite secretes 5 3 5 copious quantities of digestive enzymes for this purpose [8] . We have shown that 5 3 6
proteases are heavily represented in the ES products, and proteolysis is also in the top 5 3 7
3 main GO terms found when we analysed the proteins present in the EVs. Indeed, 37 5 3 8
of the 364 proteins from T. muris found in the EVs contain a trypsin or trypsin-like 5 3 9
domain. These proteins could be involved in extracellular digestion, and, since 5 4 0
feeding is a key process in parasite biology, they might also be potential targets for is the case, Trichuris could be secreting EVs containing peptidases to promote an 5 4 5 optimal environment for attaching to the mucosa and feeding purposes. PubMed PMID: 25278937; PubMed Central PMCID: PMCPMC4165315. 
